Background/Aims: Whether alcohol intake increases the risk of hepatocellular carcinoma (HCC) in patients with chronic hepatitis B virus (HBV) infection remains controversial. The aim of this study was to determine the effect of alcohol intake on the development of HCC. Methods: Between January 2006 and August 2008, 146 patients with an initial diagnosis of HCC who were hospitalized in 3 major hospitals in the Incheon area were enrolled as cases. Another 146 cirrhotic patients, who matched the cases by age and sex, were enrolled as controls. All cases and controls were HBsAg positive, and had a history of lifetime alcohol intake. Results: The cases and controls were aged 53±8 and 53±9 years (mean±SD), respectively, with each group comprising 118 males and 28 females. The basal laboratory data, distribution of Child-Pugh class, HBeAg positivity (31.5% vs. 37.7%), HBV DNA level (5.74±2.35 vs. 5.98±2.29 log10 copies/mL), and proportion with a lifetime alcohol intake of more than 292 kg (30.8% vs. 34.9%) did not differ between cases and controls. The cumulative alcohol intake and the proportion of heavy drinkers did not differ between the two groups in male patients. Conclusions: Alcohol intake might not increase the risk of HCC in patients with HBV infection. (Korean J Hepatol 2010;16:308-314)
INTRODUCTION
Primary liver cancer is the fifth most common cancer and the third most common cause of cancer mortality in the world. 1 The proportion of hepatocellular carcinoma (HCC) is 85~90% in primary liver cancers. 2 Most of HCC cases occur in sub-Saharan Africa and Eastern Asia. The most common cause of HCC in these regions is hepatitis B virus (HBV). 2 South Korea is located in Eastern Asia and has a high burden of HCC cases (male, 48.8/100,000; female, 11.6/100,000). 2 Mortality of HCC is 22.7/100,000 (male, 34.1/100,000; female, 11.2/100,000) and HCC is the most common cause of death in 50~59 year old men. 3 Although prevalence of HBV infection is decreasing after the universal HBV vaccination, HBV is the most common cause of HCC in South Korea. 4 The risk factors for HCC in patients with chronic HBV infection are older age, male gender, presence of cirrhosis, family history of HCC, co-infection with hepatitis C virus (HCV) or hepatitis D virus, presence of hepatitis B e antigen (HBeAg), high level of HBV DNA, and high dose of alcohol intake. 2 However, most of these are also risk factors for the development of cirrhosis in patients with chronic HBV infection. Cirrhosis is one of the most important risk factors for HCC and is considered a premalignant condition. 5 In HBV-related HCC, 70~90% of cases have underlying cirrhosis. 2 Therefore, for investigating risk factors for only HCC, it seems to be reasonable to enroll patients with cirrhosis rather than patients with chronic hepatitis without cirrhosis.
Alcohol plays an important role in the development of both cirrhosis 6 and HCC, 7, 8 with a dose-effect relationship. 9 However, although heavy alcohol intake is associated with the development of cirrhosis, there is still a controversy about a direct effect of alcohol on the development of HCC. 2 This cross-sectional case-control study aimed to investigate whether heavy alcohol intake increase the incidence of HCC in patients with HBV-related cirrhosis. 
PATIENTS AND METHODS

Patients
Statistical analysis
We assumed the difference between the proportion of exposure (alcohol intake) in cases and that in controls were 0.14 ( 
RESULTS
Clinical characteristics of the HCC and the cirrhosis groups
The mean age was 53±8 years among cases and 53±9 years among controls. One hundred eighteen males and twenty eight females were enrolled for each pair of cases and controls. In the 
HBeAg and HBV DNA levels of the HCC and the cirrhosis groups
There were no differences in HBeAg positivity and mean HBV DNA level between the HCC and cirrhosis groups ( Table   1 ). The levels of HBV DNA were categorized as <3, 3~4.9, 5~6.9, and ≥7 log10 copies/mL. There was no difference in the distribution of HBV DNA levels between the two groups ( Fig. 1 ).
Amount of cumulative alcohol intake of the HCC and the cirrhosis groups
There was no difference in the distribution of cumulative alcohol intake between the HCC and cirrhosis groups (Fig. 2) . The proportion of heavy alcohol drinkers defined as alcohol intake over than 80 g/day and more than 10 years, was 30.8%
(45/146) in the HCC group and 34.9% (51/146) in the cirrhosis group. There was no difference in the number of heavy alcohol drinkers between the two groups (p=0.455).
Clinical characteristics of HCC and cirrhosis groups in male patients
One hundred eighteen male patients were enrolled for each pair of cases and controls. The mean age was 51±7 years among cases and 52±8 years among controls. There were no differences in the levels of AST, ALT, albumin, total bilirubin, prothrombin 
HBeAg and HBV DNA levels between HCC and cirrhosis groups in male patients
There were no differences in HBeAg positivity and mean HBV DNA level between HCC and cirrhosis groups ( Table 2 ).
The levels of HBV DNA were categorized as <3, 3~4.9, 5~6.9, and ≥7 log10 copies/mL. There was no difference in the distribution of HBV DNA levels between the two groups (Fig. 3 ).
Amount of cumulative alcohol intake between HCC and cirrhosis groups in male patients
There was no difference in the distribution of cumulative alcohol intake between the HCC and cirrhosis groups (Fig. 4) . 
DISCUSSION
Chronic alcohol intake induces a variety of liver diseases such as fatty liver, liver fibrosis, cirrhosis, and HCC. In addition, it may increase the rate of progression to cirrhosis and HCC in patients with chronic HBV infection. A synergism between alcohol intake and HBV infection on the development of HCC was reported in patients with chronic HBV infection. 7, 12 However, other reports showed that alcohol intake did not add to the risk of HCC in patients with chronic HBV infection. [13] [14] [15] To minimize error in the estimation of cumulative alcohol intake, in this study, alcohol dose was categorized according to the amount of a heavy alcohol drink. The dose of a heavy alcohol drink was defined as 292 kg of ethanol or more than this amount.
The 292 kg of ethanol is compatible to the amount of a daily intake of 80 g ethanol for 10 years. This amount of ethanol usually induces alcoholic liver diseases in man, although a less amount of ethanol than this induces alcoholic liver diseases in woman. 16 In this case-control study, the amount of past cumulative alcohol intake did not add to the risk of HCC in patients with HBV-related cirrhosis.
Because women are more susceptible to alcohol than men, woman can easily develop alcohol-mediated hepatotoxicity and severe forms of alcoholic liver disease. 17 Therefore, a sub-group analysis including only men was done for determining alcohol effect on the development of HCC. The result of sub-group analysis also showed that alcohol intake did not add to the risk of HCC in male patients with HBV-related cirrhosis.
All findings in this study showed that alcohol intake did not add to the risk of HCC in patients with HBV-related cirrhosis.
Even a very high alcohol dose did not add to the risk of HCC.
Many studies about alcohol effect on the development of HCC defined their own alcohol dose that possibly induces alcoholic liver disease. Therefore, it is very difficult to reach a conclusion about the effect of alcohol intake on the development of HCC. In addition, it is uncertain as to the amount of alcohol intake needed to induce advanced liver diseases or HCC. Some reported that an alcohol intake of more than 50-70 g/day is a risk factor for HCC. 2 In patients with chronic HCV infection, alcohol intake of more than 60-80 g/day increased the risk of HCC from 2-4 times. 7, 8, 10 However, it is unclear how much alcohol intake adds to the risk of HCC, and whether low or moderate alcohol intake also is a risk factor for HCC in patients with chronic HBV infection. In this study, the amount of alcohol intake was categorized to investigate the amount of alcohol needed to increase the risk of HCC. However, there was no difference in the distribution of cumulative alcohol intake between the HCC and cirrhosis groups.
The risk of HCC is higher in former drinkers, who have ceased alcohol drinking for up to 10 years, than in those who continue to drink alcohol. 7, 18 This paradoxical observation is explained by the fact that patients stop drinking due to the early signs of liver disease, but the underlying hepatic disease remains and influences the risk of HCC development. In contrast, patients who continue to intake alcohol in spite of signs of liver disease will often die from complications of alcoholic liver disease prior to the development of HCC. 18 In Cirrhosis has been presented as a strong risk factor for HCC in patients with chronic HBV infection. It was associated with a 3.6-fold increased risk of developing HCC, in a U.S.A. study 26 and nearly a 10-fold increased risk of HCC, even after accounting for other markers of disease severity such as elevated ALT or HBV DNA levels, in studies from Taiwan and China. 11, 30 Cirrhosis also has been presented as a strong risk factor for HCC in patients with alcoholic liver disease. 31 Because cirrhosis, independent of its cause (alcohol, HBV, HCV, etc), is associated with a high risk of HCC, some hepatologists think that the high rate of HCC in patients with chronic HBV infection may merely reflect the fact that HBV is a common cause of cirrhosis. 32 In addition, alcohol does not directly induce HCC, but just induces cirrhosis, which predisposes to the development of HCC. 5 Therefore, because all cases and controls had cirrhosis, this study could not find a risk factor for HCC.
In the present study, some limitations exist in evaluating the risk of HCC. First, in quantifying alcohol intake, most studies depend on interviews with patients or their families. However, this method may lead to an invalid estimate of alcohol intake due to many biases. 33 Although interviews for quantity of alcohol intake were performed by trained individuals, there remains uncertainty in quantifying lifetime alcohol intake. Second, diagnosis of cirrhosis was clinically determined by endoscopy and imaging studies. Although liver biopsy is the gold standard for diagnosis of cirrhosis, it is dangerous to patients with decompensated cirrhosis and not an ethical tool for the aim of this study. Third, if history of the amount of alcohol intake after the development of cirrhosis was taken for each pair of cases and controls, effect of alcohol on the development of HCC was more accurately determined. However, it was impossible to know when each case and control developed cirrhosis. Fourth, this study was designed as case-control study. Although cohort study has better statistic power than case-control study, it needs long term follow up for the observation of HCC occurrence. In addition, alcoholics frequently drop out of study protocol.
Therefore, further study that has more powerful statistics and can track patients more thoroughly is needed.
In conclusion, this case-control study showed there were no significant differences in cumulative alcohol intake, HBeAg positivity, and HBV DNA levels between the HCC and cirrhosis groups. Prospective cohort study is needed to clarify the risk factors for development of HCC in patients with HBV-related cirrhosis.
